In the present study, by employing differential inequality theory, some novel assertions are gained to validate the global exponential convergence on neutral type shunting inhibitory cellular neural networks involving proportional delays and D operators. Moreover, numerical simulations are provided to support the effectiveness of the analytical results.
Introduction
The well-known shunting inhibitory cellular neural networks (SICNNs), first proposed by Bouzerdoum and Pinter [1] , have been extensively studied both in theory and applications [2] [3] [4] [5] [6] [7] . In particular, qualitative and stability analysis for SICNNs with neutral type delays plays an important role in the design and applications of neural networks [8] [9] [10] [11] . Usually, all neutral type SICNNs models can be converted into non-operator-based neutral functional differential equations (NFDEs) [8] [9] [10] and D-operator-based NFDEs [11] , respectively.
In the past two decades, proportional delays occurring in nonlinear dynamics have attracted considerable attention because of their potential applications in various aspects such as web quality of service routing decision, collection of current of electric locomotive, nonlinear dynamical behavior, electrodynamics and principle of probability (see [12] [13] [14] [15] ). However, so far, there is existing few articles on the global exponential convergence of neutral type SICNNs involving proportional delays and D operators [16] .
Inspired by the above viewpoint, in this article, our goal is to study the global exponential convergence for the following neutral type SICNNs involving proportional delays and D operators:
where ij ∈ J = {11, 12, . . . , 1n, . . . , m1, m2, . . . , mn}, mn corresponds to the number of units in a neural network, C ij is the cell at the position (i, j) of the lattice,
is the r neighborhood of C ij , proportional delay factors q kl and r ij satisfy the conditions that 0 < q kl , r ij < 1. Further information on the activation functions and coefficient parameters is available from [9, 11] . Throughout the rest of this article, the following concepts and notations will be adopted.
The initial condition involved in systems (1.1) can be described as follows:
, where BC([ρ ij , +∞), R) designates the set of bounded and continuous functions, and ij ∈ J.
In addition, for ij ∈ J, the following hypotheses will be imposed:
(S 2 ) There are constants H ij , λ 0 ∈ (0, +∞) obeying
and
Global existence and convergence of solutions
In this section, we will validate the global existence and convergence of every solution for SICNNs (1.1) with initial condition (1.2).
Lemma 2.1 If (S 0 ), (S 1 ) and (S 2 ) are obeyed, then every solution x(t) of (1.1)-(1.2) exists and is unique on [1, +∞).
Proof For ij ∈ J and t ∈ [1, r], let 
Then, x ij (t) and X ij (t) are continuous on [ρ ij , 1], and
In view of (S 2 ), we can take λ ∈ (0, min{λ 0 , min ij∈Jã
With no loss of generality, let
For any ε > 0, we can pick an ε-independent constant M such that
which leads to
Hereafter, we will validate
In the contrary case, there must exist ij ∈ J and θ > 1 obeying
From the fact that 
This is a clear contradiction of (2.8). Thus, (2.7) is true. Letting ε → 0 + suggests
Then, using a similar theoretical derivation as in the proof of (2.10) and (2.11), gives us
This completes the proof.
Simulation examples
Example 3.1 Consider the following neutral type SICNNs: 
Then, it is easy to verify that (3.1) obeys (S 0 ), (S 1 ) and (S 2 ). Hence, by Theorem 2.1, we get that all solutions of system (3.1) converge exponentially to the zero vector with the exponential convergence rate λ ≈ 0.02. Furthermore, we have the following simulation results shown in Fig. 1 .
Remark 3.1 To the best of our knowledge, this is the first time when attention is focused on the global exponential convergence for neutral type SICNNs involving proportional delays and D operators. Based on differential inequality theory, we show that all solutions of the addressed model are exponentially convergent to the zero vector under suitable hypotheses. In particular, we provide an upper bound for the exponential convergence rate. Most recently, the generalized exponential stability and pseudo almost periodicity of neutral type SICNNs have been established in [16, 17] , and some other dynamical behaviors of neural networks have obtained in [18] [19] [20] . Unfortunately, the global exponential convergence for every solution of neutral type SICNNs involving proportional delays and D operators has not been investigated in [16] [17] [18] [19] [20] . This suggests that all results in the references [16] [17] [18] [19] [20] cannot be straightly applied to show the exponential convergence on every solution in system (3.1).
